MIKUŠ, Ľ., VALÍK, Ľ., DODOK, L.: Usage of hydrocolloids in cereal technology. Acta univ. agric. et silvic. Mendel. Brun., 2011, LIX, No. 5, pp. 325-334 Hydrocolloids are high-molecular-weight polymer substances soluble in water which create viscous colloidal solutions. They are mainly used to infl uence functional properties of food (structure, texture, etc.), improving their properties during production (bigger dough volume, better dough manipulation -better adhesion), increasing stability, maintaining taste fi rmness in frozen products and prolonging durability of cereal products in food industry. Hydrocolloids are characteristic for their thickening eff ect and are used for their emulsifying and steadiness properties. The aim of this review is to provide useful information about hydrocolloids including chemical structure, origin, common and recommended usage in food industry, proper application in the cereal technology and future scientifi c heading of these hydrocolloids.
Food hydrocolloids are biopolymers with high molecular weight, containing a hydrophile string, o en with colloidal properties (ability to fi rmly bind large amount of water, up to one hundred times of its weight), which are used as ingredients in food industry to adjust the microstructure, texture, taste and to prolong shelf-life. Their properties are aff ected by size of molecules, directions and association of molecules, concentration, size of particles, dispersion degree and others.
The name "hydrocolloid" includes many polysaccharides obtained from plants, seaweed, microorganisms, as well as modifi ed biopolymers created by chemical or enzyme adaptation of starch and cellulose (Renard, 1996; Rollet, 1995) .
Food industry observed an increased application of these biopolymers in the last years. Although they are used at concentrations less than 1 % they have considerable eff ect on texture and sensorial properties in food products.
Hydrocolloids have neutral taste and aroma, which enables them free access to food insertion. Hydrocolloids are used as sugar, fat and gluten substitutes, stabilizers (emulsions, foams), crystallizing inhibitors, thickening agents, gelatinization substances and they also modify starch gelatinization (Chenlo, 2009; Rosell, 2001) . Natural hydrocolloid gums are a good source of soluble dietary fi bre (up to 85 % of dry mass). Their energy value is minimal to none, therefore are hydrocolloids used as fat replacing ingredients. Soluble dietary fi bre also reduces the concentration of cholesterol and improves gastrointestinal functions and glucose tolerance (Sozer, 2009) .
Hydrocolloid usage in cereal technologies depends on their properties to densify liquids (viscosity increase), water holding capacity, hydration rate and eff ect of temperature on hydration (for most hydrocolloids viscosity drops with rising temperature) (Příhoda, 2003) .
From health point of view, hydrocolloids are used in dough and bread systems to block fat absorption during the baking process so that they can develop fatty acids with shorter chains to create nutritionally richer food.
In the following survey, we aimed at description of the hydrocolloids which are related to cereal technology.
SEAWEED HYDROCOLLOIDS
Most important seaweed hydrocolloids are agars, carrageenans and alginates, which are produced in form of colourless powders (Philips, 2000) .
AGAR (E406)
Agar was the fi rst hydrocolloid used as an additive into food in Asian countries 300 years ago. Hydrocolloids are products extracted from seaweeds for their colloidal properties. Agar is a strong emulsifi er hydrocolloid derivable from seaweed. It forms intracellular gel matrix in various kinds of agarophyte red algae -(family Rhodophyceae), where it has a similar function as cellulose in higher plants. Agars main structure consists of repeated (1,3)--D-galactopyrazole and (1,4)-3,6-anhydro--D-galactopyrazole units, with small changes and with a low content of sulfate esters. Main neutral polysaccharide is agarose (Fig. 1) , which basic structural unit is disaccharide agarobiose. Seaweed (source of agar) is mainly from the family Gelidaceae, Gracilariaceae and Pterocladiaceae, which grows on the coast of Portugal, South Africa, India, Japan, Mexico, Chile and New Zealand. Agar is mostly gained by hot water extraction in neutral, acidic or alkali environment. In alkali environment a partial sulfate hydrolysis occurs and agars with modifi ed properties are created. Extracts are freeze dried to obtain gels, which are dried a er (Hoefl er, 2004; .
Agars are soluble in hot water at 85 °C and higher. A er cooling they form gel, which is used at concentrations of 0.5 to 2.0 %. This gel is melting at higher temperature than at which was created at 95 °C. Resistance to deformation is improved when they are combined with diff erent hydrocolloids, for example with carob. Agar is used to form glaze in confectionary products and to prolong shelflife of cereal products. In Japan it is also used as an independent substance which produces various kinds of fl avoured gels or edible coatings (Zamora, 2005; Velíšek, 1999; Norziah, 2006) .
CARRAGEENAN (E407)
Main species Rhodophyceae (red sea-grass and seaweed) in commercial fabrication of carrageenans includes species from the genera Euchema (E. cottonii and E. spinosum), Chondrus and Gigantina. Seaweed species Euchema is a bushy plant 50 cm high, which grows on cliff s and in lagoons near Philippines and Indonesia, seaweed Chondrus crispus form dark small bushes 0.1 m high near north Big Pond and seaweed species Gigantina grows in cold waters of South America (Chile) which grows up to 5 m high (Rosell, 2001; Příhoda, 2003; Philips, 2000) .
E. cottonii contains kappa carrageenan and E. spinosum contains iota carrageenan. They are mostly extracted with hot water in alkali environment as sodium salts (by acidifying acid carrageenans are created) and a fi nal product is acquired by drying or by coagulation with solvents. Carrageenan is a linear polysaccharide with high molecular weight, containing repeated galactose and 3,6-anhydrogalactose units (sulfated and non-sulfated), joined with -(1,3) and -(1,4) glycoside bonds. Based on the amounts of sulfate groups, carrageenans can be divided into 8 groups, from which only three are used in the food industry such as lambda-, iotaand kappa-carrageenans (Fig. 2, 3 , 4) (Hoefl er, 2004; Velíšek, 1999) .
Kappa-carrageenan forms a strong gel with potassium ions, whereas iota-carrageenan forms almost none. All carrageenans are soluble in hot water, but only kappa-and iota-carrageenans are soluble also in cold water. Iota-carrageenan is used in concentration of 0.2 % and its eff ectivity depends on the amount of salt and on starch retrogradation in cereal product . Carrageenans are stable within pH range 5 to 10, in acidic environment hydrolysis occurs and viscosity is dropping. They are used as cream and freeze fi lling stabilizers (emulsifi er, thickening and gelatinization agent) (Soukoulis, 2008; Langendorff , 2000) . Kappacarrageenan as a secondary hydrocolloid with a primary hydrocolloid (xanthan gum) improved reological properties and increased stability of a frozen product (ice cream) during storage due to its 1: Aragose chemical structure fraction (Wikipedia, 2010) 2: Kappa-carrageenan chemical structure (Carrageenan structure, 2010) 3: Iota-carrageenan chemical structure (Carrageenan structure, 2010) 4: Lambda-carrageenan chemical structure (Carrageenan structure, 2010) interaction with casein, hence is mainly used in milk products at concentrations of 0.01 to 0.1 % (Guarda, 2004; Yanes, 2002; Gomez, 2007) . Similar synergetic eff ect is known also for kappa-carrageenan and carob (Yamazaki, 2008) . In the mixture with lecithin it so ens bread crumb, improves volume and structure of bread (Barcenas, 2009; .
ALGINATES (Sodium alginate E401)
Alginates are alginate acids, which come from so called "brown seaweeds" Phaeophyceae species, growing near north Big Pond, Norway, France and Britain's coast. Industry sources of alginate acids are seaweed from species Macrocystis pyrifera, Laminaria hyperborea and genera Ascophyllum and Sarrgasum. Seaweed dry matter comprises 40 % alginate acid. It is gained as sodium salt (alginate) from seaweed by extraction with NaOH and Na 2 CO 3 solutions. It coagulates like calcium salt CaCl 2 or reacts with HCl, which creates alginate acid. Final product is neutralized. Alginates are linear -D-mannuron acid and -L-guluron acid polymers joined with glycoside (1,4) bonds (Příhoda, 2003; Velíšek, 1999) . Alginates form thermostable gels in the presence of calcium ions. The amount of guluron acid infl uences their various gel properties. All alginates are colourless, or light yellow, without smell or aroma. They are used as thickening and emulsifying agents to improve structure of bakery products, dressings, sauces and ice creams at concentration of 0.1 to 0.5 % (Guarda, 2004; Yanes, 2002; Gomez, 2007) . Mixture of small amount of calcium alginate and sodium alginate (Fig. 5 ) signifi cantly increases solution viscosity. This mixture is used in fruit jelly and pudding making (sodium alginate reacts with calcium present in milk). Thermo-reversible gels are formed due to the reaction of high esterifi ed pectins with proton amino acids residues in proteins to create coagulates. This method is used for protein removal, for example in beer. These gels also have cryoprotective properties and improve structure and taste stability in frozen products (Ptáčková, 2008; Sim, 2010; Huang, 2001) .
HYDROCOLLOIDS FROM BULBS, SEEDS AND SOME VEGETATIVE PLANT PARTS GUAR GUM (E412)
Guar gum (Fig. 6) is gained from guar legume seed endosperm Cyamopsis tetragonolobus, Leguminosae, a er sprout and surface layer removal. This plant grows mostly in India and Pakistan as a food commodity, but since 1950 it grows also in Texas and Arkansas as a commercial commodity. Guar gum is a soluble non-ionic polysaccharide (Achayuthakan, 2008) . This polysaccharide consists of (1,4) bonded -D-manopyranozyl units with one -D-galaktopyranozyl unit and with a (1,6) bond on every second main unit. Wide guar branching is responsible for its easier hydratation properties and also for its higher water activity and stability in solutions with pH 4 to 10. Guar gum is frequently used with xanthan gum for their synergetic eff ect, which improves dispersion viscosity (Chaisawang, 2005) . Guar gum has a wide range of usage and is mainly consumed plant seed gum. Commonly is used at concentrations of 0.1 to 0.5 % (Chenlo, 2009; Gomez, 2007; Huang, 2001 ). Partially it is used as water-soluble food fi bre, which has physiological activity (lowering pH of food in intestines, lowering cholesterol concentrations, fatty acids and glucose in human body) (Grupta, 2009) . Addition of guar gum in dough during kneading gives the dough higher elasticity. Guar gum lowers the crust hardness, enhances specifi c volume, improves texture and slows aging of bread and bakery products (Ribotta, 2004) . It is used as ice cream stabilizer, wheat substitute in gluten-free bakery products for celiac diet and to increase volume and to slow aging of bakery products. It is also added into some dessert mixtures to allow blending and milling of dry matter, which is not possible in normal dough (Velíšek, 1999; .
CAROB GUM (E410)
Carob gum (Locust bean gum) or St. John's bread ( (Wikipedia, 2010) 6: Basic guar gum structure (Food ingredients, 2010) and is sensitive to low temperatures. Carob trees grow up to 9 m high and their pods start to grow a er 7 to 15 years. Carob gum soaks and is insoluble in cold water. Carob properties are only little dependable from pH, salts and temperature due to its non-ionic structure (Philips, 2000; Hoefl er, 2004; Velíšek, 1999) . Galactose position on the linear manose structure aff ects solubility mechanism and controls reological properties of carob gum, it is called "M/G ratio". Thus higher ratio manose (M) to galactose (G) increases viscosity (Dakia, 2008) . Carob gum by itself does not form gels, but increases elasticity and gel fi rmness of agar and carrageenan (Goncalves, 2005) . Gel is formed only in the presence of xantham gum, which also alone doesn't create gels. Ratio of xanthan and carob gum is 0.25:0.75 . Carob gum is used to increase volume and to slow aging of bakery products, to stabilize and thicken fruit fi llings, frozen products and semi-products. It is not favourable to create clean dispersions due to its non-soluble endosperm seed content. It is used at concentrations of 0.1 to 0.5 % (Huang, 2001 , Acrocas, 2009 Makri, 2006) . Carob gum is relatively costly and therefore it is frequently falsifi ed with cheaper guar gum (Arda, 2009; . Synergic eff ect of xanthan gum, agar and carrageenan is also well known (Dakia, 2007) .
PLANT AND EXUDATES HYDROCOLLOIDS ARABIC GUM (E414)
Arabic gum or gum Acacia is an exudate from Accacia senegal tree. It is a heteropolysaccharide with 2 % protein content, obtained from batch or branch of Accacia trees (Li, 2010) . Arabic gum was used to embalm mummies and also to paint some hieroglyphs. These trees grow north from equator in Africa to Sahara and from Senegal to Somalia. Sap dries on branches. Dried sap is harvested and sorted by its size and colour. Gums from Accacia senegal and Accacia seyal are complex polysaccharides and both contain small portion of nitrogen material, which can't be removed by purifi cation. Their chemical properties diff er with climate, year season, tree age, etc. Arabic gum is a substituted acidic arabinogalactan. Basic structural unit is except D-galactose (44 %) and L-arabinose (27 %) also -L-rhamnopyranose (13 %), in smaller amount -D-glucuronic acid and 4-O-methyl--Dglukuronic acid (16 %) (Philips, 2000; Hoefl er, 2004; Velíšek, 1999) . It is soluble in water and it has good emulsifying properties. Arabic gum has unique ability to be soluble in water at concentration up to 50 % (w/w). Viscosity is strongly aff ected by pH values (maximal values are within pH 4.5 to 8.0) and in the presence of electrolytes viscosity is dropping. At commonly used concentrations they do not create gels. Arabic gum mainly stabilizes oil in water type emulsions due to proteins bonded to polysaccharides and is used at concentrations of 0.1 to 1 % (Huang, 2001; Makri, 2006; . Arabic gum is added into wheat dough to slow aging of bakery products, to improve volume of bakery products, to milder consistence in ice creams and in confectionery to stop sugar crystallization (Dickinson, 2003; Yadav, 2007; Ali, 2009; Islam, 1997) .
TRAGACANTH GUM (E413)
Tragacanth gum is exudate gained from Astragalus bush, from which A. gummifi er, A. microcephalus and A. kurdicus are the most known one. They are small plants growing in dry deserts and highlands of southwest Asia from Pakistan to Greece mainly in Iran and Turkey (Chenlo, 2009; Philips, 2000; Hoefl er, 2004) . Tragacanth gum contains besides small starch amount (1 to 3.6 %) also two polysaccharide groups. First group composes of arabinogalactans (60 to 70 % mass), which main chain is created from D-galactopyranosyl units with -(1,4) bonds, in sideways chains D-galactopyranosyl units are coupled with -(1,6) bonds and terminal arabinose units are connected to -D-galactose with (1,2), (1,3) and (1,5) bonds. Second group comprises pectin type acidic polysaccharides created from -D-galacturonic acid with (1,4) bonds (Velíšek, 1999) . Tragacanth gum is resistant to hydrolysis, to mechanical straining and is lightly infl uenced by pH. In water it forms highly viscosious paste or gel dispersions already at low concentrations. It can hold bonded water in frozen food and it is used in concentration of 0.1 % as thickening, emulsifying and stabilizing agent into various glazings and fi llings into frozen and blank stock products (Glicksman, 1982) .
GUM KARAYA (E416)
Gum karaya, known as gum Sterculia, is a dry extract from Sterculia urens Roxburgh and other Sterculia brands, or from Cochlospermum gossypium A.P De Condolle and Cochlospermum Kunth. Gum karaya is gained from bushy Sterculia urens trees, which grows on Indian subcontinent and S. setigera, which grows in Sudan and in other northafrican countries. These trees grow up to 10 m high on dry rocky mountains in middle and north India. Gum karaya is a complex of partially acetylated polysaccharides with high molecular weight. It is glycano-rhamnogalacto-uritan, which main polysaccharide chain 7: Basic carob gum structure (Food ingredients, 2010) is composed of L-rhamnopyranose and D-galacturonic acid, which are joined by glycosidic -(1,4) and -(1,2) bonds. Ending units are rhamnose, galactose and glucuronic acids, some units are partially acetylated (Philips, 2000; Hoefl er, 2004; Velíšek, 1999) . Gum karaya is poorly soluble, at low concentrations (< 0.02%) forms solutions and at higher concentrations (up to 5 %) viscosious colloidal dispersions. Commercially sold gum karaya contains 60 % of neutral saccharide residue (galactose and rhamnose), 40 % acidic residues (galacturonic and glucuronic acid) and 8 % of acetyl groups (Vinod, 2010) . It is used as emulsifi er, to improve water holding capacity, as foam stabilizer, to increase dough stability and to prolong shelf-life of bakery products (Barcenas, 2009 ).
CELLULOSE AND ITS CHEMICALLY MODIFIED DERIVATE HYDROCOLLOIDS CELLULOSE (E460)
Cellulose (Fig. 8) is a main component of most plants and is widely used in food and other industries. To modifi ed cellulose derivates belongs methyl cellulose (E 461), hydroxy propyl cellulose (E 463), hydroxy propyl methyl cellulose (E 464), methyl ethyl cellulose (E 465) and karboxy methyl cellulose (E 466). Structurally it is a polymer chain composed of repeated anhydro glucosyl units joined with -(1,4) glycoside bonds. Each anhydro glucosyl unit contains three hydroxyl groups, which can be substituted (10, 11). Karboxy methyl cellulose (CMC) 0.1 to 0.2 % (Chenlo, 2009; Gomez, 2007) and hydroxyl propyl methyl cellulose (HPMC) 0.1 % (Guarda, 2004) are added to improve wheat and whole grain. Hydrocolloids increase bread volume, so ens bakery texture, prolong freshness of bakery products and lower physical damage caused by ice particles during storage at very low temperature. Most common hydrocolloid for this purpose is HPMC (Barcenas, 2004; Ashwini, 2009) . Cellulose derivates are used as non-caloric thickening agents in creams, bakery and confectionary fi llings with low caloric intake (Xue, 2009 ).
PECTINS (E440)
Pectins (Fig. 9 ) used as food additives are heteropolysaccharides of only plant origin, which contain at least 65 % of D-galacturonic acid units joint with -(1,4) bonds and are partially esterifi ed by methanol. They are mostly present in fruit and vegetable (about 1 %) and are commercially created mainly from citrus peels (20 to 40 % of pectin) or from apple peel (10 to 20 % of pectin). Pectin is isolated by acidic extraction (pH 1.5 to 3) at temperature levels from 60 to 100 °C and than dried or thickened. Pectins are divided according to their esterifi cation degree -DE (% of galacturonic acid metylation in methyl-ester form) to high-esterifi ed pectins (HM) with DE above 70 % and to lowesterifi ed pectins (LM) with DE under 50 %, which can be amidifi ed (LMA) or non-amidifi ed (NLMA). Pectins are soluble in water and insoluble in most organic dissolvents. Solubility in water drops with growing molecular weight and esterifi cation degree of carboxy groups. Highesterifi ed pectins are soluble in warm environment. Dispersions have low viscosity, therefore pectin is not used as a thickening agent (Philips, 2000; Hoefl er, 2004; Velíšek, 1999) . Pectin molecules have in neutral environment negative charge, therefore they react with positively charged polymers (proteins). In acidic environment pectin stabilizes casein. Pectin like Arabic gum produces stable emulsions at low concentrations. Emulsifying eff ects of pectin are caused by protein residues in its structure (Leroux, 2003) . Lambdacarrageenan with pectin improves bread fi rmness and pectin increases the bread volume (Ribotta, 2005) . Pectin is used at concentrations 0.5-1.5 % to form gel products, also is used in confectionary fi llings and in confectionary industry to stabilize foam during lashing (Dickinson, 2003; Tykvartová, 2008) . Together with 0.2 % calcium chloride pectin increased mechanical gel properties (increased level of stress -15 % and hardness -22 %) . Pectins proteinaceous moiety functions increase the accessibility and surface activity of emulsion droplets (Funami, 2007; Lutz, 2009; Funami, 2010) . (Fig. 10 ) are high plants cell walls constituents, they are present in cereal seeds in bigger amount (barley, oat, rye, wheat, etc.) , in mushrooms (Pleurotus ostreatus, Ganoderma lucidum, Lentinula edodes, Grifola frondosa), in bakery yeast cell walls (Saccharomyces cerevisiae), in seaweed and in bacteria (Beta-glucan, 2010) . Content of the -glucan depends more on cultivar type then on 8: Basic cellulose structure (Zamora, 2005) 9: Basic pectin structure (Zamora, 2005) environmental or agronomical factors. Content of glucans in wheat and rye is 0.2 to 2 %, in brown rice 1 to 2 %, in oat 5 to 10 % and in barley 14 to 16 %. Both barley and oat -glucans are stable within pH range from 2 to 10, resp. 2 to 11 (at room temperature) (Burkus, 2000) . Highest concentration of -glucan is in endosperm. -glucan is a polysaccharide composed of glukopyranosyl units joined with (1,4)- and (1,3)- units. Solubility of -glucan depends on its structure, which depends on its origin (it drops in series oat>barley>wheat) and it drops with higher number of (1,4) bonds in its molecule. Protein bonded -glucans are insoluble, solubility increases with higher temperature and a er partiall hydrolysis a gel is formed (molecules don't form gel). Many hydrocolloid products containing -glucan from oat and barley, e.g. Oatrim, Nu-TrimX and Barleytrim were developed during 15 years. These products beside their health aspects could partially substitute fat or fl our in food, which reduces their calorie content. Research indicates, that a small -glucan addition in bakery products can lead to increased bread glycemic index with increased starch digestibility (Brennan, 2007) . Oat -glucan hydrocolloids are made by fractionation of oat bran a er boiling in hot steam. These products include Nutrim-OB with 10 g -glucan/100 g and C-Trim20 with 20 g -glucan/100 g. Suyong Lee et al. partially replaced fl our with these products and concluded that Nutrim-OB can partially replace fl our up to 20 % and C-Trim20 up to 10 % without negative eff ect on taste and structure of bakery product (Lee, 2009) . Recommended daily portion of -glucan is 3 g per day or 0.75 g per meal (Sahan, 2008) . -glucan is used in bakery products at concentrations 0.2 to 1.4 % to increase consistency, resistance to deformation, fl uidity and elasticity of dough. -glucan aff ects dough reology in two ways: breaking the gluten matrix and increasing the whole dough viscosity. This eff ect depends on its molecular weight and on used fl our quality (Skendi, 2009; Skendi, 2010) . Addition of -glucan rich hydrocolloids in food as a fat or fl our replacement is a good way to improve health trough dietary fi bre increase and decrease of calorie intake (Brennan, 2007; Wood, 2007; Lazaridou, 2007) .
-GLUCAN -glucans

HYDROCOLLOIDS FROM MICROORGANISMS XANTHAN GUM (E415)
Xanthan gum (Fig. 11) is an anion extracellular polysaccharide produced by bacterium Xanthomonas campestris (Achayuthakan, 2008) . Xanthan gum is soluble in cold water, has high molecular weight (M = 2.5 × 10 6 g/mol), high and stable viscosity independent from pH. With increased temperature it drops at fi rst but grows a er (conformation molecule changes). This polysaccharide is also resistant to enzymatic degradation. Xanthan gum by itself does not form gels. It has synergic eff ect at low concentration with guar gum, carob gum and konjak gum ). Result of this eff ect is improved viscosity at low concentration of guar and carob gum. At higher concentrations of xanthan gum are carob and konjak gums responsible for formation of so , elastic and thermally reversible gels. Xanthan gum structure is linear with main -D-glucose chain with saccharidal bond on every C-3 glucose, which contains glucuronic acid residue binded to manose unit. Xanthan gum, alginate and carob gum aff ect moisture content, texture and retrogradation enthalpy of bread crust. It is commonly used with emulsifi er to develop non-gluten bread, bread rich on proteins, bakery fi llings, sirup glazings, desserts and milk products, cakes, to stabilize emulsions (mostly oil/water) and to improve stability of frozen dough at concentration of 0.1 to 0.25 % (Guarda, 2004; Gomez, 2007; , Makri, 2006 . Xanthan gum also prolongs shelf-life of bakery product due to gluten-starch inhibition and lower moisture loss of crumb Simsek, 2009; Matuda, 2008; Shittu, 2009). 10: Basic -glucan structure (Zamora, 2005) 11: Basic xanthan gum structure (Zamora, 2005) 
SUMMARY
In spite of wide scale of hydrocolloid usage in bakery and confectionary products there are only few empiric studies and very little information about interactions between hydrocolloids and bakery ingredients. Certainly the relationship between hydrocolloids and starch, gluten and surrounding water molecules is responsible for quality of bakery products. Deeper analysis of hydrocolloid interactions inside the bread should bring useful informations for their optimal usage. Hydrocolloids are able to modify gluten and starch properties, mainly by infl uencing gluten hydratation and interfering during gelatization and retrogradation of starch. Nowadays scientists try to combine good thickening properties with eff ective nutraceutical and nutritional (fi bre) benefi ts in a hydrocolloid to gain more positive hydrocolloid eff ects and to incorporate them in a fi nal bakery product. Past innovative developments include: agglomeration to suppress dusting, cellulose free xanthan gum for compatibility with cellulosics, cholesterol reduction and cancer risk avoidance (e.g. CMC/HPMC, pectin, carrageenan), dispersibility to accelerate hydratation at low shear, identifi cation of nutritional benefi ts (fi bre) and production of a clarifi ed and faster dissolving version of hydrocolloids. Price is also an essential factor, therefore new hydrocolloids are invented and known hydrocolloids are improved to fulfi ll market demands for a healthy, cheap and eff ective bakery additive (Sozer, 2009 ; The world of food ingredients, 2010).
